The number of bosons that can be accommodated in excited states is
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where \g = hy\/2m5/m is the thermal wavelength and the fugacity z is from the range
0 < z < 1. Since g1/2(2) — 00 as z — 1, we can have any number of bosons in
the excited states and, therefore, there will not be an excess of bosons in the ground
state. It follows that there is no Bose-Einstein condensation here.

(a) Exinlp] is the usual TF approximation for the kinetic energy; Eiap|p]
is simply obtained from the general form for the energy in an exter-

nal potential, /(d?) Vet (M) p(7), with the potential energy of the har-
monic force for the external potential energy Vi (7); and Eiyx[p] is like-
wise obtained from the general expression for the pair-interaction energy,
Euwlp] = ;/(d?l) /(d?z) p(71) Vi (71 — 72) p(72), with the interaction po-
tential Vi (7) = Wo(7)

(b) There is first the constraint /(d?)p(?) = N, and then we get from dE[p] = 0

that
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must hold where p # 0, with the chemical potential p. Its value is determined

by the constraint.

(c) The trial densities p)(7) = A3p(\7') obey the constraint and give

E[ps] = NEuinlprr] + A7 Euaplorr] + A’ Eint[prr] -

0 N
Then, aE[p,\]‘)\zl = 0 implies 2Exin[prp] — 2Etaplprp) + 3Emt[ppr] = 0.
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(b)
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With Q(5,V,N) = NI <7r2(77,c[5’)3> we get
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Z(B,V,z2) NXZ:OQ B,V,N)z N — exp <7T2(hcﬁ)3) .

We have

F(T,V,N)=—kgTlogQ(B,V,N) = —NkBTll + log UfBT)gv/N]

72(he)?

after using Stirling's formula for log N! as usual. It follows that the pressure

F
isp= —a— = NkgT/V and, therefore,

ov
G(T,p.N) = (F(T,V,.N) +pV) vy = ~NkeTlog 7:2]?;3;
Since S(T,.V,N) = _8]?(2,;/,]\7) and S(T,p,N) = _6(?(761,7{),]\7)’ the
heat capacitances are
Cy = T<§§:)V’N - —T(;T)ZF(T, V,N) = 3k N

and
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C, = T<8T>pN T(W) G(T,p, N) = 4ks N .




